Introduction
Benzimidazole and its derivatives are important bioactive molecules with a wide range of activities including antimicrobial, antifungal, antiparasitic, antiviral, anticancer, anti-inflammatory, antioxidant, and antihypertensive activities [1, 2] . Some heterocyclic compounds containing 2-methylbenzimidazole nucleus have been synthesized and evaluated for biological activities [3] [4] [5] [6] [7] [8] [9] [10] [11] . Some five-membered heterocycles have been given a great attention to the medicinal chemists; for example, oxadiazole derivatives are well known to have anti-inflammatory, anticonvulsant, anti-tubercular, and antimicrobial activities [12] ; triazole nucleus are known to possess antimicrobial and fungicidal properties [13] . Moreover, in recent times, some acetamides derived from benzimidazole attached to oxadiazole heterocycle [14, 15] or triazole heterocycle [16] exhibited promising biological activities.
In view of these observations, some new compounds (2-methylbenzimidazole derivatives bearing 1,3,4-oxadiazole or 1,2,4-triazole heterocycle) have been synthesized. Their antibacterial and antifungal potential were also evaluated as a continuation of our research on antimicrobial compounds [17] .
Materials and Methods
All starting materials were purchased from Merck and used without purification. Melting points were measured in open capillary tubes on a Gallenkamp melting point apparatus.
IR spectra were recorded on FTIR-8400S-SHIMADZU spectrometer using KBr pellets.
1 H-NMR spectra were recorded on a Bruker Avance spectrometer at 500 MHz using a DMSO-d 6 as a solvent and tetramethylsilane (TMS) as an internal standard (0.00 ppm), and 13 C-NMR spectra were recorded at 125 MHz. The spin-spin coupling constants (J) are given in Hz. Peak multiplicity is reported as s (singlet), d (doublet), dd (double-doublet), t (triplet), q (quartet), m (multiplet), and br (broad). The MS spectra were recorded on a Bruker micrOTOF-Q 10187 (a) spectrometer or on an Agilent 6490 (b) spectrometer. 2-Chloroacetamides were synthesized according to Ganguly et al. [18] , using the reaction of commercially available 2-chloroacetyl chloride and substituted aniline. The melting point of the prepared 2-chloroacetamides is similar to previous reports [18, 19] .
2-(2-Methylbenzimidazol-1-yl)acetohydrazide (3) was used as the key intermediate for further synthesis prepared according to reported methods [3-8, 11, 16] , starting from phenylene-1,2-diamine and acetic acid via 2-methylbenzimidazole (1) and then ethyl (2-methylbenzimidazol-1-yl)acetate (2) as shown in Figure 1 . The synthetic route for the preparation of the target compounds from hydrazide (3) is presented in Figure 2 . (4) . A mixture of compound 3 (3.06 g, 15 mmol) and potassium hydroxide (0.84 g, 15 mmol) in ethanol (40 mL) was added to 4.5 mL of carbon disulfide and refluxed for 10 hours. The solvent was evaporated and the residue was dissolved in 50 mL water and then acidified with dilute hydrochloric acid. The formed precipitate was filtered off, washed with water, and recrystallized from mixture of ethanol and water to give 4 as pale yellow solid. Yield 55%; mp 175-176 ∘ C (literature [9] 
2-Methyl-1H-benzimidazole (1)
.
Synthesis of 5-[(2-Methyl
-1H-benzimidazol-1-yl)methyl]- 1,3,4-oxadiazole-2-thiole
General Procedure for Synthesis of N-Aryl-2-{5-[(2-methyl-1H-benzimidazol-1-yl)methyl]-1,3,4-oxadiazol-2-yl}sulfany-lacetamides (5a-b
). An appropriate solution of N-aryl chloroacetamide (2.5 mmol) and anhydrous K 2 CO 3 (0.28 g, ∼2 mmol) were added to a stirred solution of compound 4 (0.5 g, 2 mmol) in 30 mL of acetone at room temperature. After the addition, the reaction was stirred for further 3 hours at 60 ∘ C. The precipitated solid was filtered, dried, and recrystallized from suitable solvents to afford pure acetamides 5a-b.
2-{5-[(2-Methyl-1H-benzimidazol-1-yl)methyl]-1,3,4-oxadiazol-2-ylthio}-N-phenylacetamide (5a).
It is a white power which is recrystallized from a mixture of dioxane and water. (6) . The dissolved acid hydrazide 3 (3.06 g, 15 mmol) in ethanol (30 mL) and 4-methylphenylisothiocyanate (2.25 g, 15 mmol) was added in a flask fitter. The mixture was heated at reflux temperature for an hour. The solution was then cooled down, resulting in a precipitation which was then filtered off and dissolved in 25 mL NaOH (2.0 mol/L). The solution was refluxed again for 2 hours, cooled, and acidified with diluted hydrochloric acid. The formed precipitate was filtered off, washed with water, and finally recrystallized from ethanol to afford 6 as white crystals. Yield 56.4%; mp 189-190 
N-(4-Bromophenyl)-2-{5-[(2-methyl-1H-benzimidazol-1-yl)methyl]-1,3,4-oxadiazol-2-ylthio}acetamide (5b

Synthesis of 5-[(2-Methyl-1H-benzimidazol-1-yl)methyl]-4-(4-methylphenyl)-1,2,4-triazol-3-thiol
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General Procedure for Synthesis of N-Aryl-2-{5-[(2-methyl-1H-benzimidazol-1-yl)methyl]-4-(4-methylphenyl)-4H-1,2,4-triazol-3-ylthio}acetamides (7a-d).
0.67 grams (2.0 mmol) of compound 6 was put into a beaker containing 30 mL acetone. Then 2.0 mmol of N-aryl chloroacetamide was added along with 0.28 grams (∼2.0 mmol) of anhydrous K 2 CO 3 . Then, the mixture was heated to 60 ∘ C for three hours with constant stirring. After that, the reaction mixture was allowed to cool down to room temperature. The beaker was then placed into an ice bath and cooled to 0 ∘ C for 30 minutes. Next, the recrystallized compounds 7a-d were collected by filtration, washed, and dried. Finally, they were recrystallized from a mixture of ethanol and water. 
2-{5-[(2-Methyl-1H-benzimidazol-1-yl)methyl]-4-(4-methylphenyl)-4H-1,2,4-triazol-3-ylthio}-N-phenylacetamide (7a
N-(4-Bromophenyl)-2-{5-[(2-methyl-1H-benzimidazol-1-yl)methyl]-4-(4-methylphenyl)-4H-1,2,4-triazole-3-ylthio}acet-amide (7b
2-{5-[(2-Methyl-1H-benzimidazol-1-yl)methyl]-4-(4-methylphenyl)-4H-1,2,4-triazol-3-ylthio}-N-(2-methylphenyl)acetamide (7c
−) ( −) ( −) ( −) 5 0 5 0 ( −) ( −) 5a 50 (−) ( −) ( −) ( −) 5 0 ( −) ( −) ( −) 5b 50 (−) ( −) ( −) ( −) 5 0 5 0 ( −) ( −) 6 50 (−) ( −) ( −) ( −) 5 0 ( −) ( −) ( −) 7a 50 (−) ( −) ( −) ( −) 5 0 ( −) ( −) ( −) 7b 50 (−) ( −) ( −) ( −) 5 0 5 0 ( −) ( −) 7c 50 (−) ( −) ( −) ( −) 5 0 ( −) ( −) ( −) 7d 50 (−) ( −) ( −) ( −) 5 0 ( −) ( −)(
Results and Discussion
Reaction of 2-methyl-1H-benzimidazole (1) with ethyl chloroacetate in the presence of anhydrous potassium carbonate followed by the reaction with hydrazine hydrate gave 2-(2-methyl-1H-benzimidazol-1-yl)acetohydrazide (3), the key intermediate compound used for the synthesis of both series of the heterocycles. Thus, when compound 3 was treated with carbon disulfide and potassium hydroxide according to literature [9] , 5-[2-(2-methylbenzimidazol-1-yl)methyl]-[1,3,4]-oxadiazol-2-thiole (4) was obtained. Furthermore, it is found that the melting point of three synthesized intermediate compounds (1, 3, and 4) quite matches the value found in the earlier reports [6, 9] . However, melting point in the case of compound 2 (ethyl (2-methylbenzimidazol-1-yl)acetate) is 114 ∘ C, lower than the value of 184-186 ∘ C according to [6] .
Note that the melting point of compound 2 was measured lower than the melting point of compound 1, while [6] provided the inverse data. Our result may be more reasonable because compound 2 is an ester without any hydrogen bonds. Hence, it is surely melted at lower temperature. In contrast, compound 1 forms extramolecular hydrogen bonds as shown in the publication of Seliger andŽagar [20] . So, the melting point of compound 1 should be higher. General method for the formation of 4-aryl-1,2,4-triazol-3-thiol is refluxing hydrazide with aryl isothiocyanates in ethanol to give the corresponding thiosemicarbazide derivatives, subsequently treating the thiosemicarbazide with sodium hydroxide solution at refluxed temperature [7, 14] . So the product obtained by reaction of 3 with 4-methylphenyl isothiocyanate was refluxed in sodium hydroxide solution to give 5-[(2-methyl-1H-benzimidazol-1-yl)methyl]-4-(4-methylphenyl)-1,2,4-triazol-3-thiol (6) . Furthermore, the treatment of compound 4 or 6 with N-aryl-2-chloroacetamide in the presence of potassium carbonate gives, respectively, S-substituted 1,3,4-oxadiazole or S-substituted 1,2,4-triazole derivatives.
While the structures of (1-4) compounds were confirmed by comparison of their physical and spectral data with the reported ones [4] [5] [6] [7] [8] [9] , the structures of other compounds were established based on analysis of the spectral data. Formation of heterocycles 4 and 6 by cyclization of hydrazide 3 was confirmed by a lack of stretching band of C=O at 1658 cm
in the IR spectra of the products. Besides, there was a downfield shift of signals of the -CH 2 -group connected to benzimidazole heterocycle in the 1 H-NMR spectrum of 4 or 6 compounds in comparison with signal of the -CH 2 -group in the 1 H-NMR spectrum of compound 4. The compounds 5a-b and 7a-d showed the CONH group band around 1675 cm −1 in their IR spectra. The 1 H-NMR spectra of these compounds showed the signal of the CONH proton between 9.63 and 10.51 ppm while in the 13 C-NMR spectra appeared the signal of carbon carbonyl between 164.5 and 165.6 ppm. In the ESI-MS of the compounds, all of the molecular ion peaks were in accordance with their expected formula. Table 1 that all the compounds exhibited activity against Aspergillus niger; compounds 4, 5b, and 7b exhibited activity against Fusarium oxysporum while all of the tested compounds were generally inefficient against bacteria and yeast. 
Conclusions
